Agencies in Iowa have utilized both overhead flashing beacons and stop-sign mounted beacons. Although several studies have shown that overhead flashing beacons are effective, some concerns have been raised about driver confusion. The main concern is that a driver may interpret a multiface flashing beacon with a red indication for their approach as an all-way stop control. As a result, the Iowa DOT has been advocating use of stop-sign mounted beacons rather than overhead flashing beacons. Since little information is available about this countermeasure, data for intersections with (treatment) and without (control) stop-sign mounted beacons were identified and a cross-sectional analysis conducted (due to few confirmable installation dates). Rural stop-controlled intersections with stop-sign mounted beacons in Iowa (USA) were identified (40 in total). Intersection characteristics such as number of approaches, intersection angle etc. were extracted. Additionally, characteristics of individual approaches such as roadway surface (gravel/paved), advanced stop-sign rumble strips, and advance signing were recorded. One or more control locations were manually selected for each treatment intersection based on matching roadway configuration, presence of lighting, advance stop line rumble strips, number of approaches, channelization, traffic volume, and proximity. Propensity scores were estimated to match 40 control locations for comparison. Negative binomial models for different injury combinations at nighttime and daytime were developed with an indicator variable for presence and absence of stop-sign mounted beacons. Presence of stop-sign mounted beacons was associated with a 5% -54% reduction in nighttime crashes. Injury nighttime crashes decreased by 54% and total nighttime crashes reduced by 18%.
Introduction
Rural intersections account for 16% of fatalities in rural areas [1] . Rural intersection crashes are frequently a result of driver's failing to yield right of way (FTYROW). Failure to yield may be due to speeding which can result in failure to react in time or may be due to failure to recognize the presence of the intersection or traffic control due to sight distance issues or driver inattention. Retting et al. [2] investigated crashes at stop-controlled intersections in four cities.
They found that stop-sign violations accounted for about 70% of crashes.
Both older and younger drivers have been attributed responsibility in failure to yield crashes at intersections. Retting et al. [2] report that younger drivers (<18) and older driver (65+) were more likely to be at fault at crashes at stop controlled intersections. Massie et al. [3] created a collision typology to assess crash types. They investigated 50 crashes involving failure to yield. They found older drivers were more likely to stop first and then pull out and collide with another vehicle while younger drivers were more likely to not stop. Intersection characteristics such as sight distance, skew angle, presence of horizontal or vertical curvature, presence of median, or lighting have also been correlated to failure to yield and intersection crash risk [4] [5] [6] . Beacons are one countermeasure that have been utilized to reduce rural intersection crash risk. Beacons draw attention to the presence of the intersection and/or traffic control encouraging improved driver response. The different types of beacons include intersection control beacons mounted over the intersection (also referred to as overhead flashing beacons), standard stop-sign mounted beacons, and actuated flashing beacons (typically placed on the stop-sign but actuate only when speed is over a certain threshold).
Studies on Effectiveness of Overhead Flashing Beacons
The most common intersection beacon configuration is overhead flashing beacons which flash red to drivers with stop controlled approaches and yellow for major road approaches (non-stop). Several studies have evaluated overhead flashing beacons and in general they have been shown to reduce crashes. However, some concern has been expressed that drivers are confused by overhead flashing beacons and in some cases, believe they indicate an all-way stop.
Srinivasan et al. [7] evaluated the impact of flashing beacons at stop-controlled intersections in North and South Carolina. Several types of beacons were studied including overhead flashing beacons (84 treatments sites). A before and after EB method was used to study the safety effectiveness. They found an 11.9% reduction in angle crashes.
Murphy and Hummer [8] evaluated overhead flashing beacons at 34 four-leg, two-way stop-controlled rural intersections in North Carolina. They used an EB analysis method which accounted for changes in traffic volume. They found a 12% decrease in total crashes, a 9% decrease in injury crashes, a 40% decrease in severe injury crashes, a 9% decrease in frontal impact crashes, and a 26% reduction in "ran stop-sign" crashes.
Pant et al. [9] performed a comparative study with rural overhead beacon controlled and similar stop controlled intersections located in rural areas of Ohio. A before-and-after analysis was performed by comparing the 2 to 3 years of crash and traffic volume data at seven two-way beacon-controlled intersections. It was found that beacons reduced vehicular speeds in the major directions of traffic, especially at intersections with inadequate stopping sight distance.
However, the beacons were found to have little effect on accepted or rejected gaps and were ineffective in reducing stop-sign violations. They also found no statistically significant reduction in crashes.
Hammer et al. [10] evaluated the before and after accident record to study the safety effectiveness of overhead yellow-red beacons (14 two-way stop controlled intersections) and red-red beacons (10 all-way stop controlled intersections) in California. The study reported reduction in right angle crashes at all four-leg intersections regardless of type of flasher but results were not statistically significant. Fatal crashes were not significantly reduced when a flashing beacon was installed.
A North Carolina study by Cribbins [11] evaluated the effectiveness of traffic signals and overhead flashers at rural intersections in reducing crashes. For the study, they analyzed crash experience at 14 rural intersections where flashing beacons were installed. A one year before and after study was conducted. Overall, it was found a 62% decrease in single-vehicle crashes and a 21% reduction in multiple vehicle crashes for the installation of overhead flashing beacons.
Brewer and Fitzpatrick [12] investigated various treatments for rural highways and intersections in Texas by analyzing crash data before and after installation of the measures. They evaluated four intersections where flashing overhead beacons were installed and found that the crash rate was reduced by 43% from the period of three years before to three years after the improvement was installed.
Stackhouse and Cassidy [13] studied the safety effects of overhead warning beacons at rural intersections. They analyzed crash data at twelve rural intersections of Minnesota for three years before and after period of installation of the beacons. All were four-way with stop control on the minor approaches. After installation of overhead flashers at eight intersections, a 39% reduction in crashes was observed. A driver opinion survey showed that both overhead and sign-mounted flashing beacons warned drivers that an intersection was potentially more dangerous. Driver's opinion also indicated that they were more likely to prepare to stop encountering a red flasher than a yellow flasher. Drivers said that they were more likely to stop in the presence of red overhead flashing beacons compared to a pedestal-mounted red flasher on stop-sign. More than half of the respondents both young and old stated that flashers were very useful at Journal of Transportation Technologies night. Approximately half of the drivers stated that they were confused about the meaning of the flashing lights.
Studies on Standard Stop-Sign Beacons
Standard stop-sign beacons are usually mounted on a stop-sign. In some cases, there may be a warning beacon upstream. Srinivasan et al. [7] evaluated the impact of flashing beacons at stop-controlled intersections in North and South Carolina. Several types of beacons were studied including standard stop-sign mounted flashing beacons which were evaluated for 5 treatment sites. A before and after EB method was used to study the safety effectiveness. They found a 58.2% reduction in angle crashes.
Janoff et al. [14] studied the effectiveness of stop-sign mounted flashing beacons in reducing crashes at hazardous rural curves. Crash data for a 2 year before and after period were analyzed for a rural highway curve in Texas that had been treated with a single flashing beacon. The analysis showed a 50% reduction in total accidents. The benefit-cost ratio was found to be in excess of 50:1 for the flashing beacon installation.
Brewer and Fitzpatrick [12] investigated various treatments for rural highways and intersections. They found that a flashing beacon mounted on a "STOP AHEAD" sign for a single intersection had a crash reduction from 0.06 to 0.03 crashes/month for the three years before and three years after installation.
Problem Statement
Agencies in Iowa have utilized both overhead flashing beacons and stop-sign mounted beacons. Though overhead flashing beacons are currently the predominant type, they are being replaced through a state-funded program. Although several studies have shown that overhead flashing beacons are effective, some concern that the countermeasure may cause driver confusion exists. When a driver along a minor stop-controlled approach encounters an overhead flashing beacon with multiple faces, they may falsely interpret the red flashing beacon to be displayed for all approaches indicating all-way stop control. In this situation, even when the driver comes to a complete stop, they may erroneously assume oncoming traffic will stop. Overhead flashing beacons also require some type of overhead support structures, typically span wires run from poles.
For both reasons, the Iowa DOT is advocating use of stop-sign mounted beacons rather than overhead flashing beacons. Since little information is available about this countermeasure, data for intersections with (treatment) and without (control) stop-sign mounted beacons were identified and a cross-sectional analysis conducted. A cross-sectional study was conducted due to few confirmable installation dates.
Data
The Institute of Transportation (InTrans) and the Iowa DOT developed an in- Once a set of intersections with stop-sign mounted beacons was identified, the corresponding Iowa agency (county engineers or DOT District offices) were consulted to confirm presence and acquire installation dates. However, most agencies did not retain records of beacon installation dates. As a result, a standard before and after analysis, whether naive or empirical Bayes, was not possible. Instead a cross-sectional study was conducted. To facilitate the cross-sectional analysis, due to the unconfirmed installation dates, data for a particular intersection were only included when presence of a stop-sign mounted beacon was con- In most cases, the first four criteria were matched for treatment and control intersections. In a few circumstances, more than one control intersection was manually identified for a treatment intersection. Intersection and approach characteristics were also extracted for control intersections using the methodology detailed for treatment intersections.
A propensity score matching technique was used to select control sites that were as similar as possible to treatment sites. This technique was similar to that used in another study where the methodology is explained in more detail (Goswamy et al. [15] ). A total of 40 controls were selected to match the 40 treatment sites. The statistical software "R" was used to generate the propensity scores for the project. The "MatchIt" package was used to conduct propensity score matching. The data set was set up in a way such that it consisted of cases in rows and variables in columns. Nearest neighbor technique was used to match the cases. This technique matches a treated unit to a control unit(s) that is closest in terms of a distance measure. Figure 1 noted in the previous section, data for treatment intersections were only included for years when presence of beacon was confirmed.
Time of day was indicated in the crash data base. Crashes coded as dusk, dawn, unknown, or non-reported crashes were not included in the study. As a result, only crashes noted as "Daylight" were included as day crashes. Crashes noted as "dark-roadway lighted", "dark-roadway not lighted", or "dark-lighting unknown" were considered as nighttime crashes. Roadway and traffic characteristics included in the analysis are shown in Table 1 . Separate summaries are provided for treatment and control sites. Some of the variables such as number of legs and traffic control were combined into single variable. For example, 3-legged all way stop or 4-legged minor road stop. It can be seen from Table 1 that the daytime crashes at the treatment sites are more compared to the control sites. However, the nighttime crashes are less for the treatment sites compared to controls especially for the injury crashes.
Methodology and Results
Ideally a before and after analysis would have been conducted. However, as noted in the Data section, most agencies did not retain records of beacon installation dates. As a result, a standard before and after analysis, whether naive or EB, was not possible. Instead, we chose to conduct a cross-sectional analysis, which is an acceptable alternative when before data or known before periods are lacking. A cross-sectional analysis involves comparison of the safety (crash) performance at a set of treatment sites against a set of comparable control sites.
Essentially, the before and after reduction is replaced with the assumption that reductions at comparable treatment and comparable control sites would be equivalent other than the effect of the treatment. Thus, if the reduction at the Journal of Transportation Technologies treatment sites differs from the control sites, the difference can be assumed to be due to the treatment.
A simple statistical comparison indicated that crashes during the nighttime at treatment sites were disproportionately lower than control sites. As a result, daytime crashes were used as measure of exposure and the impact of beacons on nighttime crashes was investigated. Comparing the ratio of night to day crashes has been widely used to estimate the impact of street lighting. Jackett and Frith
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[16] and others [17] [18] used the night-time to day-time crash ratio to assess road luminance. Donnell et al. [19] utilized a similar method to compare across lighting studies. Night-to-day crash ratios was used to evaluate the safety effects of roadway lighting. The night to day crash ratios were calculated for treatment and control intersections. The night to day crash ratio for treatment sites with stop-sign mounted beacons was 0.31 while the ratio for control sites was 0.56.
This indicates around 0.31 nighttime crashes result for every day crash at treatment sites while around 0.56-night crashes occur at control sites for every day crashes. As a result, this simple comparison shows that the ratio of night to day crashes at treatment sites is 25% lower than for control sites.
Cross-Sectional Models
Cross-sectional crash models using negative binomial generalized linear regression analysis were developed with an indicator variable for presence and absence of stop-sign mounted beacons. All models were fit using statistical software R.
The negative binomial model specification estimates the probability f(y i ) of y i crashes occurring on segment i using gamma function as shown in Equation (1):
where, φ is the inverse dispersion factor,
If α is significantly greater than zero, the data are over dispersed. Thus the mean and variance are given by Equation (2) and (3): Elasticities for continuous variables like AADT and pseudo elasticities in the form of percentages for indicator variables in the model was calculated according to a study by Donnell et al. [19] . The elasticities computed based on the daytime and nighttime crash frequency models shown in Table 2 are provided in Table 3 .
Separate models for nighttime and daytime crashes were evaluated. The parameter estimates, standard errors of the statistically significant variables (at 90% confidence level) in the cross-sectional models and the goodness of fit of each of the crash models are shown in Table 2 . The standard errors and p-values are Journal of Transportation Technologies also provided for the parameter estimates or in other words beta estimates in Table 2 . The Akaike information criterion (AIC) was used to estimate model fit and is also provided in Table 2 . AIC value was used to compare the performances of the GLMs. The preferred model is the one with the minimum AIC value. The AIC value can be evaluated using:
where, k = The number of estimated parameters in the model; L = The maximum value of the likelihood function for the model.
The elasticities for major and minor road traffic volumes were similar across all the nighttime and daytime crash frequency models except for nighttime injury crash model. In both cases, however, the nighttime elasticities are lower than the daytime elasticities, and the minor road elasticities are lower than the major road elasticities. A 1% increase in major road average AADT is associated with an approximate 0.7% to 0.7% increase in crash frequency. A 1% increase in minor road average AADT is associated with an increase in the daytime and nighttime crash frequency of 0.2% to 0.7% approximately. This finding indicates that the major road traffic volume has a greater effect on intersection crashes than the minor road traffic volume. These results are in line with previous studies (Donell et al. [19] ).
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It was seen that the treatment elasticities changes sign when comparing the expected daytime and nighttime crash frequencies across all models. This suggests that the locations with stop-sign mounted beacons have 3% -46% more daytime crashes across all severity models. This makes sense as beacons are usually installed at high crash locations. Locations with beacons are also associated with a 5% -54% reduction in nighttime crashes. More desirably injury nighttime crashes decreased by 54% (statistically significantly at 0.1 alpha level) and total nighttime crashes reduced by 18%. Property damage crashes were reduced by 5%. These results signify that the treatment have potential for decreasing severe crashes. Advanced stop-sign rumble strips did not have any positive effect on daytime total and property damage only crashes. However, advanced stop-sign rumble strips reduced total nighttime crashes by 66%. It did not significantly affect nighttime PDO and injury crashes. Presence of crosswalk reduced total nighttime crashes 24% and injury daytime crashes by 41%. Four legged, all way stop controlled intersections were associated with 36% less day-Journal of Transportation Technologies time crashes.
Conclusions and Discussions
This study examined the safety effectiveness of stop-sign mounted beacons in Iowa. Various factors affecting the frequency of crashes were analyzed. Propensity score matching technique was used to match treatment and control sites in this study. The study developed crash frequency models for several injury combinations for nighttime and daytime crashes with AADTs of minor and major roads at approaches with stop-sign mounted beacons. Elasticities were calculated from these models as well.
A cross-sectional study was conducted since agencies did not retain installation dates. A cross-sectional analysis involves comparison of the safety (crash) performance at a set of treatment sites against a set of comparable control sites.
Essentially, the before and after reduction is replaced with the assumption that reductions at comparable treatment and comparable control sites would be equivalent other than the effect of the treatment. Thus, if the reduction at the treatment sites differs from the control sites, the difference can be assumed to be due to the treatment.
A potential weakness of cross-sectional studies is that the treatment and control sites should be similar. If comparable control sites cannot be identified, the premise of cross-sectional studies fails. This is particularly true since many agencies treat high crash locations which may look similar to control intersections which have similar characteristics but are not high crash locations. A before and after study can highlight these differences which is lacking in a crosssectional study. This study used propensity scores to select the best matching treatment and controls pairs.
The presence of treatment or stop-sign mounted beacons is associated with a 3% -46% increase in daytime crashes across all severity models. This suggests that beacons were likely installed at high crash locations. Presence of stop-sign mounted beacons is associated with a 5% -54% reduction in nighttime crashes.
More desirably injury nighttime crashes decreased by 54% (statistically significantly at 0.1 alpha level) and total nighttime crashes reduced by 18%. Property damage crashes were reduced by 5%. These results signify that the treatment have potential for decreasing severe crashes. Results suggest that use of stop-sign mounted beacons does have potential, particularly for reduction of injury crashes.
As noted in the background section, the Iowa DOT has been moving towards use of stop-sign mounted beacons rather than overhead flashing beacons. Depending on the study and type of crash, use of overhead flashing beacons is associated with a 9% to 62% reduction in crashes although one study found no change. The study reported in this paper found nighttime crashes at locations with stop-sign mounted beacons were associated with a 3% to 46% decrease depending on type of crash and severity. Although, results for the two different countermeasures are not directly comparable, there is evidence that stop-sign Journal of Transportation Technologies mounted beacons are as effective in reducing night-time crashes. As a result, the study concludes that the stop-sign beacon is likely as effective as the treatment it is replacing and has the added advantage of being less likely to confuse drivers.
Additionally, the cost of installing stop sign mounted beacons is less than overhead beacons since stop-sign beacons do not require overhead wiring structures or taping into a power source. In most cases, the beacon is powered using a solar panel. Overall stop-sign mounted beacons are a reasonably low cost countermeasure which have significant potential to reduce nighttime crashes at rural intersections. This confirms the Iowa DOT's plan to continue the switch from overhead to stop-sign mounted beacons as well as considering their application in other rural intersections where nighttime crashes are problematic.
